Introduction
Cardiac surgery with the use of cardiopulmonary bypass (CPB) is commonly performed nowadays. There are open heart procedures like valve surgery and operations without the need to open a cardiac chamber or a main vessel during coronary surgery. Cognitive impairments can be observed in many patients after both kinds of operations. [1] [2] [3] These cerebral disturbances vary in extent and duration, and they can reduce quality-of-life for a long time. 4, 5) Furthermore, they increase in-hospital mortality, length of stay, and the use of resources. 6) Different operative and patient-related factors are suspected to cause the postoperative cognitive decline. Hypoperfusion states, toxic influence of narcotics and other mechanisms are involved in the cognitive changes, 7, 8) and furthermore, microembolism from the extracorporeal circuit and air in opened hearts seems to be causative. Attempts have been made to eliminate or reduce these causative mechanisms. Piracetam with its wellknown memory enhancing capacity, particularly in senile dementia, 8) was successfully used in patients undergoing non-open heart surgery. It reduced the cognitive decline after coronary bypass surgery substantially. [9] [10] [11] These results encouraged us to evaluate the effect of piracetam on the cognitive function of patients undergoing open heart surgery.
Methods

Study Design/Protocol
A double-blind, placebo-controlled clinical trial was conducted according to the Principles of Good Clinical Practice. The study was approved by the institutional ethics committee of Humboldt University. Patients who were indicated for an elective open heart procedure were included if they gave their written informed consent. Patients were excluded from the study if they met any of the following criteria:
-Insulin-dependent diabetes mellitus -Renal insufficiency requiring dialysis -History of TIA, PRIND, or complete stroke Patients were randomly assigned to the piracetam group or control group. At the beginning of the operation, they received an intravenous infusion of 12 g piracetam/ 60 ml or 60 ml of saline over 30 minutes. Cognitive function was evaluated the day before surgery and on postoperative day 3.
Neuropsychological Assessment
Patients were examined with a battery of neuropsychological tests for memory and attention that lasted approximately 20 minutes and consisted of the following 6 subtests of Syndrome Kurz Test (SKT) and Alzheimer's Disease Assessment Scale (ADAS). 12) Except for tests S3 and S4, lower scores mean poorer performance. The tests were performed in two parallel forms in order to minimize practice effects at the postoperative retest.
Open Heart Surgery
Patients were premedicated with benzodiazepines. General anesthesia was conducted with propofol or isoflurane, opiates and muscle relaxants. Median sternotomy and full heparinization were performed. In all cases, normothermic cardiopulmonary bypass was used after the ascending aorta and right atrium were cannulated. The aorta was cross clamped, and warm blood cardioplegic solution was infused via the aortic root or directly into the coronary ostia. Cardiac chambers were entered via an aortotomy for aortic valve cases or via a left atriotomy for mitral valve cases. In Ross operations, the right heart was opened as well, for the pulmonary valve harvest. A procedural overview is provided in Table 1 .
The aortic clamp was released after deairing of the heart via an ascending aortic vent catheter supported by lung inflation and cardiac massage. The heart usually started beating spontaneously. Continuous ventilation was started, and the patient was weaned from CPB. The chest was closed, and the patient was transferred to the intensive-care unit (ICU).
Statistics
Statistical analysis was done with SPSS ® 14.01 (SPSS Inc., Chicago, USA). The level of significance was α = 0.05.
To assess the overall cognitive function and the degree of cognitive decline across all tests after surgery, we combined the six test-scores by principal component analysis. Note, the mean µ(S i,pre ) and standard deviation σ(Si,pre) of the pre-operative sores are used in the transformation formula for the z i,post .
Association of S post with age, decalcification procedure, CPB time, OP time and treatment group (Piracetam vs. placebo) was examined by a general linear model ( Table 2) . To adjust for baseline, we included S pre in the model.
Moreover, age, decalcification procedure, CPB time, and OP time between the groups were tested by the Mann-Whitney U test (Table 3) . Changes in the scores (preoperative minus postoperative) were also compared by the Mann-Whitney-U test, and comparisons of preoperative and postoperative scores within the treatment groups were conducted by Wilcoxon tests for paired samples ( Table 4) .
Results
A total of 88 patients (mean age of 67 ± 9.4 years) were included in the study. The mean time of patients on cardiopulmonary bypass was 110 ± 39 minutes. Placebo and piracetam groups were comparable in terms of age, decalcification procedures, CPB and OP time, indicating a homogenous study sample ( Table 3) . Of these parameters, only age was significantly associated with the perioperative development of cognitive function (p = 0.037). Piracetam did not have an impact on cognitive develop- Table 2) . Preoperative overall cognitive function was similar in both groups (piracetam: 0.19 ± 0.97 vs. placebo: -0.14 ± 0.98, p = 0.231). Comparison of postoperative versus preoperative testing revealed a significant decline of overall test results in both groups (piracetam: preoperative 0.19 ± 0.97 vs. postoperative -0.97 ± 1.38, p <0.0005 and placebo: preoperative -0.14 ± 0.98 vs. postoperative -1.35 ± 1.23, p <0.0005). Comparison of the postoperative performance of both groups did not show statistically significant differences in either group (p = 0.113). Furthermore, analysis of the cognitive change (preoperative minus postoperative) revealed that the decline of overall cognitive function did not differ significantly between the groups (p = 0.955), see Table 4 . Overall cognitive results reflected the results of the subtests. All subtests of both treatment groups showed a postoperative decline in the cognitive function of patients, compared to the baseline (Fig. 1) .
Discussion
Cognitive decline was frequently detected after cardiac surgery procedures with CPB and can be of clinical relevance. [1] [2] [3] Piracetam, a drug approved for treatment of senile dementia, proved to be neuroprotective in patients undergoing coronary bypass surgery. [9] [10] [11] Since this operation is performed on the surface of the heart, there is no need to open a cardiac chamber apart from right atrial canulation. However, standard aortic and mitral valve surgery is performed within the opened left heart. Cerebral microembolism from intracardiac air, as well as debris from resected calcified valves, potentially contributes to the observed cognitive decline after the operation. This present study was conducted to evaluate the cerebroprotective effect of piracetam in patients who underwent open heart surgery.
Considering the early postoperative situation of the patient, we selected neuropsychological tests with tasks that require a minimum of motor activity. A brief battery of neuropsychological tests for quantifying verbal and non-verbal short term memory and attention were used. Other cognitive functions may also be affected by the surgery, but because of the limited cooperation of patients, a selection of psychometric instruments had to be made. Most of them were chosen from the repeatable test battery SKT. It is a standardized screening instrument designed to assess cognitive function in a brief administration. 12) In contrast to our previous studies of coronary patients, a bolus infusion of piracetam at the beginning of the operation did not reduce the decline of cognitive function, early after open heart surgery. Two reasons are possible to explain this observation. First, we might not have administered piracetam long enough for it to have an impact. A longer application of the drug might be crucial. Some coronary patients have been treated for up to six weeks after surgery. 10 ) Therefore, further work should be done to evaluate if piracetam is cerebroprotective in valve patients after a prolonged intake of the drug. Second, piracetam may not cerebroprotective during open heart surgery because of other brain damaging mechanisms, compared to those of isolated coronary surgery, namely, air or/and valve debris embolism. Of course, the properties of piracetam that work to achieve neuronal protection are well documented. It improves red blood cell deformity and thereby oxygen supply. 13) Furthermore, piracetam normalizes a hyperreactive platelet function which reduces the risk of thromboembolism. 14) Moreover, it is assumed that piracetam provides the neuron with better protection against oxidative stress by normalizing membrane-associated cell activity. 15) However, the cerebral changes associated with valvular surgery might be out of reach of piracetam at least when applied like in the present study.
Apart from piracetam the present study also evaluated the influence of age, duration of CPB, operation duration and calcified valve disease on the cognitive performance. Only age was associated with changes in cognitive function. Younger patients seem less prone to a perioperative cognitive decline than are older patients. The duration of CPB does not affect cognitive function, though CPB is known to lead to cerebral microembolism, 7, 16, 17) which is similar to what we had observed in a previous study. Interestingly, the operation on a calcified valve did not have an influence on cognitive performance either. This might be due to a meticulous intraoperative technique to remove debris.
In summary, pre surgical administration of piracetam did not prevent the post surgical decline of cognitive function in older patients who underwent open heart surgery. Long-term use of piracetam in these patients should be investigated.
